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RESULTS OF INVESTIGATIONS ON AN 0.004-SCALE 
140C MODIFIED CONFIGURATION SPACE SHUTTLE VEHICLE 
ORBITER MODEL (74-0) 

IN THE NASA/LANGLEY RESEARCH CENTER 
HYPERSONIC NITROGEN TUNNEL (0A89) 

By 

P. J. Hawthorne, Rockwell International Space Division 

ABSTRACT 

This report documents data obtained during a wind tunnel test of an 
0.004-scale 140C modified configuration SSV Orbiter in the NASA/Langley 
Research Center 22-inch Hypersonic Nitrogen Tunnel. The test wos conducted 
during July, August and September 1974 and 136 occupancy hours were charged 
All presented runs were conducted at a nominal Mach number of 19.8 and at 
a Reynolds number of approximately 0.68 x 10® per foot. 

The complete 140C modified model was tested with various elevon set- 
tings and additionally in wing off/bodyflap off configuration at angles of 
attack from -5 to 42.5 degrees at zero yaw. 

Purpose of this test was to obtain high hypersonic longitudinal and 
lateral-directional stability and control characteristics of the updated 
SSV configuration in an initially diatomic medium. 
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PLOT 

SYMBOL 


Q(NSM) 

Q(PSF) 

RN/L,RN 


ALPHA 


NOMENCLATURE 

General 


DEFUllTlOli 

speed of sound; m/sec, rt/sec 
pressure coefficient; - Pco)/q 

Mach number; V/a 

pressure; N/m^, psf 

dynaiLic pressure; l/2pV^, N/m^, psf 

Reynolds number; based on model length 

velocity; m/sec, ft/sec 

angle of attack, degrees 

angle of sideslip, degi'ees 

angle of yav, degrees 

angle of roll, degrees 

mass density; kg/m^, slugs/ft ^ 

Reference & C.G. Definitions 

base area; m^, ft^ 

wing span or reference span; m, ft 

center of gravity 

reference length or wing mean 
aerodynamic chord; ra, ft 

p p 

wing area or reference area; ra , ft*^ 
moment reference point 
moment reference point on X axis 
moment reference point on Y axis 
moment reference point on Z axis 


SUBSCRIPTS 

b 

1 


base 

local 

static conditions 
total conditur s 
free stream 


4 



HOI-IENCIjATURE (Continued) 
Body-Axis System 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 


CN 

normal-force coefficient; 

qS 

C/i 

CA 

axial-force coefficient; force 

qS 

Cy 

CY 

side-force coefficient; force 

qS 


CAB 

bnse-force coefficient; force 

qS 

-Ab(Pb ' Po)/qS 

CAf 

CAF 

ferebody axial force coefficient, Cp^ - 

Cm 

CIM 

Diichinc-Tnoment coefficient: pitching moment 

^S/rEF 


CYW 

yavlnK-inoment coefficient; 

qSb 

H 

CBL 

rolling-moiuont coefficient; rolling moment 

qSb 



Stability-Axis System 

Cl 

CL 

lift coefficient; 

qS 

Cd 

CD 

drag coefficient; 

qS 

\ 

CDB 

base-drag coefficient; 

qS 

CDf 

CDF 

forebody drag coefficient; 

Cy 

CY 

side -force coefficient; force 

qS 

Cm 

CIM 

pitching-moment coefficient; 

'^^/rEF 

C 

n 

CLN 

yawing-momert coefficient; yfl'wing moment 

qSb 

H 

CSL 

rolling-moment coefficient; rolling ntg^nt 

qSb 

l/d 

l/d 

llft-to-drag ratio; CjJc^ 


l/d^ L/DF lift to forebody drag ratio; 
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NOMENCLATURE (Continued) 
Additional Nomenclature 


Plot 

Symbol Symbol Definition 


IML 

MRC 


inner mold line 
moment reference center 


OML 


outer mold line 


Xcp/AB XCP/L 


longitudinal center of pressure location, fraction 
of body length 


Xo 

Yo 

Zo 

“i 

«BF 

«R 

«SB 

«a 

«e 


Orbiter longitudinal station, in. 

Orbiter lateral station, in 
Orbiter vertical station, in 
wing incidence angle, degrees 

BDFLAP bodyflap deflection angle, degrees 

RUDDER rudder deflection angle, degrees 

SPDBRK speedbrake deflection angle, degrees 

AILRON aileron, total aileron deflection angle, degrees, 
(left aileron - right aileron)/2 

ELEVTR elevator surface deflection angle, positive 

deflection trailing edge down, degrees 

BALANC parameter name to document balance utilized in 

testing, BALANC = 1 (LaRC HN05), BALANC = 2 (LaRC 
HN06), see Remarks section 

STING parameter name for sting, sting parameter values 
of 25 and 45 denote a 25® and 45® sting used for 
testing, respectively 
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REMARKS 


0A89 was conducted in three distinct portions, from July 12 throuo 
July 29, July 30 to August 6 and from August 30 through Se' on er 5, 1974. 

During the first time pr.iod, the model was installed n ^ -t tunnel 
on the Langley Research Center HNO 6 component water cooled balance on a 
45® bent sting. On July 24 it was found that the model was running slightly 
yawed, and this along with cartain balance problems prompted re-running 
of the basic configuration olov/s to determine incremental effects of these 
problems. On July 29, the !:he'''n!ocouple indicating balance water tempera- 
ture indicated 32°F during vhe afternoon run, and subsequent investigation 
revealed a broken bellows in the I'ater cooling line, and that ice had been 
forming in the balance due to evaporative cooling. A balance change was 
then made to the lower range HNO 5 component v;ater cooled balance, still 
on the 45® bent sting. 

From July 30 to August 6 selected runs were made with the HNO 5 in- 
strument, and it was undertaken to rerun the test with an abbreviated run 
schedule due to time constraints on the 74-0 model utilization. The test 
article was then removed from the test section for use elsewhere; this 
entire entry is referred to by Langley Research Center as test HNT 30. 

The second installation was made at the end of August to investigate 
suspected sting effects; this time the HNO 5 balance was used with a 25® 
bent sting. This is known as the HNT 31 test series. Base pressure data 
were taken with only one pressure tap during 0A89, instead of the two shown 
in the pretest report. Data were collected at total pressures of 2200 and 
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REMARKS (Concluded) 

5000 psi during both HNT 30 and HNT 31 , but the P 
sidered to be of questionable quality and only the 
utilizing the HNO 5 balance is presented here, and 
data are presented. 
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= 2200 psi data is con- 
Pj = 5000 psi data 
none of the HNO 6 balance 



CONFIGURATIONS INVESTIGATED 


During test 0A89, the 140C modified vehicle was tested in full up and 
wing off configurations. The basic aircraft is of blended wing body design 
with a double delta wing, full span elevons and a single centerline verti- 
cal tail with rudder and/or speedbrake capability. A bodyflap and short 
pod orbital maneuvering system (OMS)were mounted on the aft fuselage bottom 
edge and upper sidewalls, respectively. 

The following letter designations are used to denote the components 
of the -140C modified configurations ; 

Bg 2 Fuselage to tha oucei' mold .ine contours of drawings 

VL70-000202B, -000200d & 000203 for the aft body contour 
{except OMS), the VI "'n. 0002 02 3 drawing was used in lieu of 
the C revision spo'^fied on the VL70-000140C control drawing 
since the C revis on v. s not available. The MPS nozzles are 
not simulated. 

C-J 2 Canopy to VL.70-000202B I'ine'^; see Bg, above. 

E ^2 Elevon used with VL70-000200B wing, with 6 " gaps. The hinge- 

line is unswept and located at = 1387. 

Fiq Center pivot bodyflap ninge line at = 1532 and planform 

as denoted on VL70-000200B drawing. ^ 

Baseline short nose Orbital Maneuvering System (OMS) pods 
mounted on the upper base of the fuselage. Shape is defined 
by drawing VL70-08457. Rocket engine nozzles are simulated. 

R 5 Rudder utilized witr Vg vertical tail and shown on VL70-000146A. 

Vg 45° sweep leading edge single centerline mounted vertical tail 

of modified diamond section as per ''L70-000146A. 

W ^27 VL70-000200B wing. Wing is of 81 “/Aa'" ..weep leading edge and 

is 6 inches F.S. thicker at the body than -140A. Airfoil is 
RIC modified NASA 0011.3 at Yq = 199, 0012-64 at theoretical 
tip. a. = +0° 30' dihedral = 3° 30' at TE., tip is defined by 
VL7O-O06O92. 


i'OOIi QUA I An 
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CONFIGURATIONS INVESTIGATED (Concluded) 

Component descriptor sheets are jiven in Table III. 

The tested configurations were denoted as: 

140C modified = Bg 2 C ^2 E 43 ho ^4 ^27 

140C modified wing and body flap off = B 52 C]2 M ]4 R 5 ' • 
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TEST FACILITY DESCRIPTION 


The NASA/Langley Research Center 18-inch Hypersonic Nitrogen Tunnel 
is a blow down facility wi bh a normal operational time of up to two hours 
for force and moment testing. This long run time is possible because ^he 
nitrogen is obtained in liquid form, mechanically pumped to 17,000 psig 
Py. and then vaporized and heated to 2900°F Ty prior to entry into the 
no;zle. The test section is of the open jet variety with a water cooled 
dilfusor that exits into a fiO-foot diameter vacuum sphere. 

Models are sting mounted on an injectable blade strut with externally 
coi.trol lable pitch capabil'iy and manually setable yaw freedom. Force 
testing is done utilizing 5 component water cooled internal strain gauge 
balances, with injection time kept to a absolute mimmum (less than 6 
seconds) to alleviate balance drift problems due to aerodynamic heating. 
Air is also blown on the model to cool it while in the retracted position 
between injections. 

Recent calibrations of the tunnel indicate that the most satisfactory 
conditions to obtain force data are: 

Total pressure = 5000 psi 
Total temp = 3360 °R 
RN/foot = 0.68 X 10^ 

Mach = 19.80 

The most recent operational parameters of the contoured nozzle are 
best obtained from the LaRC Hypersonic Analysis Section (Phone (804) 
827-2483). 
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TEST FACILITY DESCRIPTION (Concluded) 


The tunnel is also equipped with an electron beam flow vizuali7ation 
device which allows color photographs with depth of field to be made of the 
flow system, allowing interpretation of shock interactions and flow separa- 
tion phenomena. 



DATA REDUCTION 


Those data presented were obtained with the LaRC HNO 5 internal 
strain gauge balance at one set of tunn?l conditions only (refer to the 
Remarks section). Data were converted to standard NASA force and moment 
coefficients and are presented about a nominal moment reference center 
in ooth stability and body axis systems. 

Additionally, the normal force center of pressure is presented as: 

V (c) 

^cp/^B X.3 CN t8 

where Xcp is the longitudinal distance from the inner mold line nose 
station (Xq = 238 inches full scale) to the center of pressure. XcG is 
the distance from inner mold line to the moment reference point (XcG = 
XMRP - 238 = 838.7 inches). The body length (Cg) is 1290.3 inches. 

The following reference dimensions wore used to reduce the data to 
coefficient form: 


Sref 

= 2690.0 

ft2 

LREF = c 

= 474.81 

in. 

BREF - b 

= 936.68 

in. 

xmrp 

= 1076.7 

P 

X 

O 

ymrp 

= 0.0 

in. Yo 

zmrp 

= 375.0 

in. 7-0 
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TABLE I 



BALANCE UTILIZED: 


HNO 5 


CAPACITY: 


51 

Ibf 

3 

Ibf 

31 

Ibf 

5 

in Ibf 

no 

flexure 

3 

in Ibf 


ACCURACY: 

0.5% 

0.5% 

0.5% 


COEFFICIENT 

TOLERANCC: 


COMMENTS: Pj 5000 psi 









■/RUN NUMBER COLLATION SUMMARY 



NASAMSPCMA 
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TABLE III MODEL DIMENSIONAL DATA 

MODEL COMPONENT : DOPY - B^,g 

GENERAL DESCRIPTION : Configur ation 1 nrhit.rr fuspTagp MCH 2QQ~Ri^. 

Similar to l/^-QA fusrlagp excrpt aft bo-^y rpvi«-e<1 an^i imoroved 
midbody-wing-boot fairing « qSQ to = IQLO. — 

MC/PEL SCALE; Q.OOU 

DRAWING NUMBER . VL7O-OOOI4OC -000202C -OOO205A 

-OOOiOOB -000203 


DIMENSIONS . FULL SCALE 

Length (CM.; Pwd Sta. X^»2‘^5) In. 1293-3 
Length (IML: Pwd Sta. X<^23ft). 1 

Max. Width (<^ Xq = 1528.3) In. 26A.Q 

Max Depth (f-9 X = I464) In. n 


Fineness Ratio 
(CM Lnng+h Max. 

Areo - 


Width) 




Max. Cross- Sectionol 340. 8B5 

PI an form _______ 


MODEL SCALE 


5.173 

5.1A1 


1,056 

I.QQQ 

4.899 


0.0055 


Wetted 

Base 
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TABLE III (CONT'C) 


MODEL COMPONENT : CANOPY - Ci 9 

GENERAL DESCRIPTION • Confi/yuration ILOC orbiter c.inopv vehicle 
cabin No. 31 updated to MCR 200-Rji^. U'^pd with ^u*=!plagq 8 ^ 2 * 


MODEL SCALE; O.OOL 

DRAWING NUMBER ; VLVO-OOQ] uqc .000202Q -00020A 


DIMENSIONS ; FULL SCALE 

Length (X^ =L3/i.6/+3 to In, 1A3.3S7 

Max Width (® = 513.127). In. 1 52.L12 

Max Depth (^o = 501 to kU9.y) I n. 51.<^1 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Planfom 


MODEL SCALE 


0.610 

0.206 


Wetted 

Base 
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TABLE III (CONT*D) 


MODEL COMPONENT : ELEVQN - 1__ 

GENERAL DESCRIPTION: Confl/niration I4OA 'B orbitcr ^levons. 

DATA are for one side. U8pd nn 7A-Q moriftT with 6” F.St Straight 

»!lotted_ gap version of Ej^f . gaps are at r-ioyon 'body flare luncture an^ at 

Ya - 311 . Q MQDEL^CALE;. 0 . 0 04 

DRAWING NUMBER ; VL70- 0 002 00. ~ O060ft9. -006092 

PB0006 Lockheed Mi«!sile 4 Space Co. . Huntsville, Ala. 

% 


DIMENSIONS; 

FULL-SCALE 

MODEL SCALE 

Area - Pt^ 

210. Q - 

0.003 

Span (equivalent) . In. 

Jklil 

■■..L32.7 

Inb'd equivalent chord. In. 

IIB.OOL 

0.472 

Outb'd equivalent chord. In. 


.■<2.221.,,. 

Ratio njovable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

0.2096 

0.2096 

At Outb'd equiv. chord 

0.4004 

0.4004 

Sweep Back Angles, degrees 



Leading Edge 

0.00 

JLSXi— 

Tailing Edge 

- 10.056 

-ISLSM 

Hingeline « 

O.QQ 

■JUQQ 

(Product of area & c) ^ 



Area Moment ( ) Ft 

15B7.25 . _ 

-QjQpOl 

Mean Aerodynamic Chord. In. 

90.7 

0.363 
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TABLE III (CONT»D) 

MODEL COMPONENT : BODY FLAP - 

GENERAL DESCRIPTION • Configuration HOC body flap. Hingeline loca te'i 
at Xq = 1532. Zq = 2m. 


MODEL SCALE: 0.004 

DRAWING NUMBER ; , VL^O-OOOIAOC . VL7Q-15511L 

DIMENSIONS : FULL SCALE 

Length (X^=1525.5 to 1^13) In. P7- 

Max Width L.R.. = 1525-5) I n. 25>^.00 

Max Depth (Xq = 1532) . In. 19.793 

Fineness Ratio 
Areo ~ 

Mox. Cross-Sectional (® H. L. ) 35 . 19^ 

Planform 13S.00 

Wetted 

Base (® Xo = 1A13) /w39 


MODEL SCALE 

Q-^350 

1.024 

0.792 


0.00056 

0.0022 

0.000073 
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TABIZ ni (CONT'D) 


MODEL COMPONENT : QMS POD - 

GENERAL DESCRIPTION : Preliminary IML version of short QMS pod. 

(First used on 0,015 '^cajp .Model for test No. OAft'^). 


MODEL SCALE: .not 


DRAWING NUMBER . yL70-008^57 


DIMENSIONS ; (For 1 of 2 sides) 

FULL SCALE 

MODEL SCALE 

Length (QMS Fwd Sta =1311), In. 


-1.036 

Mox Width (@ Xq = 1511) In. 

.-J.3S.6 

-Q.542fc 

Mox Depth ( 0 X 0 = 1511) In 



Q.29AJii 

Fineness Ratio 
Aren - Ft 2 


- .,a.S4060 

Max. Cross-Sectional 
Planform 

— 

0.00087 


Weffed 





TABLE III (CONT'D) 


MODEL CC»1P0NENT: VERTICAL - V 

GEHERAL DESCRIPTION ; Configuration I/4.OC orbit.er vertical tail (i<ientical 

to confirurat ion I40A vortical tail). 


MODEL SCALE: 


0.004 


DRA'^NG NUMBl®: VL70-000140C -0001 4^P 


DLMENSIOHS: 


FULL SCALE MODEL SC>LE 


TOTAL LATA 


/<rea (Theo) - Ft"^ 
Planfonn 

Span (Theo) - In. 
Aopect Ratio 
Rate of Taper 
Taper Ratio 
Sweep-Back An^jle.;, I: 
Leading Edge 
Trailing Edge 
0.25 Eleinenb Line 


31S.72 

1.675 

0.S07 

0.40 A 

45.000 

26.2 


0.006B 

■ ■-L263. 
-L.6 7 5_ 
-Oxifil- 
0.40 4 

45.000 

26.2 

-41.13. 


Chordj : 

Root (Theo) V/P 
Tip (Theo) '/P 
M/.C 

Fus. Sta. of .25 M/,C 
W.P. of .25 MAC 
B.L. of .25 MAC 


26B. 50 
103.4"^ 
199. B 1 


1.074 

0.434 

.? , 5U2 
0.0 


Airfoil Section 

Leading Wedge ;.ngle - Deg. 
Trailing Vfedge Angle - Deg. 
Leading Edge Radio.: 

’^oid Area 


1 0.000 

14.92 

2.00 


£Lm_ 


Q.omi 


Blanketed Area 


OKIGINAL PAGE lii 
OF POOR QUALITY 
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TABLE III (CONT'D) 

MODEL COMPONENT: RUDDER - 

GENERAL DESCRIPTION: Configuration I 4 OC orbller ruHder (identical to 

Cnnf-tfniratinn TAOA 'R rudder). . 


MODEL SCALE! O.OOA 


DRAWING NUMB ER: VLTO-OOOl/^AB -0 00095 


DIMENSIONS: FULL-SCALE 

Area - Ft^ 1QQ.15 

Span (equivalent) In. 201.00 

Inb'd equivalent chord . In. 

Outb'd equivalent chord in. 50.833 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord O.UOQ 

At Outb'd equiv. chord O.AOO 

Sweep Back Angles, degrees 

Leading Edge 34.83 

Tailing Edge 26,2? 

Hingeline 34 _. 83 _ 

(Product of Area Ac) ^ 

Area Moment - 

Mean Aerodvnamir Chord In. 73.2 


MODEL SCALE 
0.0016 
o.ao4 
0. 366 
0.203 


0.400 

0.400 

34.83 

34.83 

0.000039 

r ■' - 

0.293 
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TABLE III. (Concluded) 


VODEL COMPOVEr^; WING-Wiq-7 

-E'^^ERA- DESCRI'^TION ; Con^’lguration ILOC orbiter wine;. MCR 200-R|^ similar to 

IAOA 'B wind Wyi^ with reCinpiti^-nt.^: improved win c ;-boot.".iiiH>iodv fairinp; 

(.X^ = 9k0 to = lOAO). 

MODEL SCALE: 0.00>. 


T-S"" VC. 


DWG. NO, VL70-0001L'*C, -000200B 


EXPOSED DATA , 

Area (Yheo ) Ft^ 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 
I 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod K.ASA) 
XXXX-64 

Root b ■ 

I 

Tip b - 

7 

Data for (1) of (2) Sides 
Lead-'nq '^dge Cuff ~ 

PlaT^c**?! Area *^t^ 

Leadini Edge Intersects Fus M, L. 9 Sta 
Leading Edge Intersects wing 9 Sta 

23 








2^m. 


0.2A5 


5A2.09 

3 HRI 


392. P3 
1185.98 

251.77 


0.'113 


0.120 


WUSXL 

musi. 


DIMENSIONS: 

FULL-SCALE 

..viDEL SCALE 

TOTAL DA’A 

Area 'v'. neo . ) Ft^ 
Ian form 

.^90.00 

. D.QL3 

Span (Theo In. 


.4.7A7 . 

Aspect Ratio 

_.2.2A.5 

2.265 

Rate of Taper 

. 1.177 

_1.177 _ 

Taper Ratio 

0.200 

0.200 

Dihedral Angle, degrees 

3.500 

^._S00 

Incidence A^-gle, degrees 

0.500 

D.5DQ 

Aerodynamic Twist, degrees 

3.000. 

^.000 _ 

Sweep Back Angles, degrees 
Leading Edge 

34.000 

/tS.OOO 

Trailing Edge 

- 10 . 05 A 

- 10.056 

0.25 Element Line 

35.200 

35 . 209 

Chords: 

Root (Theoi 8. P.0.0, 

689.2/. 


T-io, (Theo) ft.P. 

137,85 

0.55i 

MAC 


1.899 

Fus. Sta. of .25 MAC 

1136.83 

^.5A7_ 

W.P, of .25 MAC 

290.58. 

^.162 

B.L. of .25 MAC 

,122.13. 

-SL229. 


7.0QA 


2.883 




0.2L5 


2.2A8 


0.551 


1.531 


1 in 


JJ2Q1. 


0.113 


0.120 







Figure 1. - Axis systems. 







a. Test Section with Model Injected, 45° Bent Sting 



b. 74-0 Model on 45° Sting 
Figuie 3. - Model photographs. 
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DATA FIGURES 
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FIGURE 4 EFFECT OF ELEVON AND BODY FLAP DEFLECTION ON LONG CHARACTC45DEG STING) 
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FIGURE 7 EFFECT OF WING AND BODY FLAP ON LONG. CHARACT. C45 DEG. STING) 
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APPENDIX 


TABULATED SOURCE DATA 


Tabulations of plotted data are available on 
request from Data Management Services. 
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